Experimental congestive heart failure produced by rapid ventricular pacing in the dog: cardiac effects.
Chronic rapid ventricular pacing in the dog reportedly produces a useful preparation of low-output heart failure. However, little information is available regarding cardiac changes in this preparation. Accordingly, we evaluated the effects of both short-term (3 weeks) and prolonged (2 months) rapid ventricular pacing on cardiac hemodynamics, mass, and chamber size. The effects of short-term pacing on left ventricular wall thickening, blood flow, and metabolism were also examined. Compared with 16 control dogs, dogs paced for either 3 weeks (n = 8) or 2 months (n = 13) exhibited reduced cardiac outputs (control 130 +/- 20 ml/min/kg, 3 week pacing 112 +/- 19 ml/min/kg, 2 month pacing 116 +/- 14 ml/min/kg) and elevated pulmonary wedge pressures (control 10 +/- 3 mm Hg, 3 week pacing 26 +/- 5 mm Hg, 2 month pacing 26 +/- 8 mm Hg) and right atrial pressures (control 4 +/- 1 mm Hg, 3 week pacing 13 +/- 3 mm Hg, 2 month pacing 9 +/- 3 mm Hg) (all p less than .01 vs control). At the postmortem examination, both groups of paced dogs also exhibited increased left ventricular volumes (control 13 +/- 6 ml, 3 week pacing 27 +/- 6 ml, 2 month pacing 26 +/- 8 ml), right ventricular volumes (control 13 +/- 5 ml, 3 week pacing 27 +/- 9, 2 month pacing 24 +/- 7 ml), and right ventricular mass (control 27 +/- 5 g, 3 week pacing 32 +/- 6 g, 2 month pacing 34 +/- 6 g) (all p less than .03 vs control) but had normal left ventricular mass. Three weeks of pacing also decreased percent left ventricular shortening (34 +/- 6% to 17 +/- 7%) associated with a disproportionate deterioration of posterior wall thickening (58 +/- 16% to 17 +/- 18%) (both p less than .01), as assessed by echocardiography. This left ventricular dysfunction was associated with no change in myocardial lactate extraction (prepacing 40 +/- 10%, 3 week pacing 36 +/- 10%), myocardial arteriovenous O2 difference, or myocardial histology, suggesting that it was not due to myocardial ischemia. These data indicate that rapid ventricular pacing in the dog produces a useful experimental preparation of low-output heart failure characterized by biventricular pump dysfunction, biventricular cardiac dilation, and nonischemic impairment of left ventricular contractility.